A distinct preference for cellobiose over glucose has been reported frequently among cellulolytic bacteria
1949; McBee, 1948; Hungate, 1950; Sijpesteijn, 1951; Hall, 1952 ), yet little attention has been given to the elucidation of this phenomenon. Recently, Sih and McBee (1955) , and Sih et al. (1957) , reported certain characteristics of a cellobiose phosphorylase which seemed to initiate cellobiose metabolism in Clostridium thermocellum. This organism does, however, possess an intracellular hexokinase, and it has not been possible to explain the reason for growth failure in media containing glucose.
Other investigations of direct utilization of disaccharides by microorganisms have been reviewed by Hestrin (1949) , Gottschalk (1949) , Doudoroff (1951) , and Deley and Bernaerts (1953) . Although these studies have contributed materially to many facets of sugar metabolism, they have not elucidated the reason(s) for disaccharide preference in even a single organism. Recently, Doudoroff et al. (1956) presented new information relative to the enzymatic basis for the inability of the "wild strain" of Pseudomonas saccharophila to grow on glucose and fructose.
The present report concerns the demonstration of a disaccharide preference by an aerobic cellulolytic organism, Cellvibrio giltus n. sp.
MATERIALS AND METHODS
The culture was initially isolated from fresh bovine feces on a modified cellulose medium resembling that of Fuller and Norman (1942 (1945, 1952) .
Paper chromatographic analysis of sugars was accomplished using an isopropanol-water-acetic acid solvent (6:3:1 volume ratio). Spots were detected by spraying with 1 per cent benzidine in glacial acetic acid and heating at 110 C for 20 min. Known samples of glucose and cellobiose were spotted on the same papers as the unknowns for reference.
In the nutritional experiments the basal medium consisted of NaNO3, 0.5 g; KCl, 0.25 Final purification was obtained by diluting a suspension of cells in a tube of sterile water with glass beads and shaking vigorously for 30 min on a mechanical shaker. Roll tubes in cellulose agar were then prepared and incubated at 30 C. The small colonies that developed were apparently identical, and microscopic examination of smears stained with crystal violet, nigrosin, and Gram stain showed straight to slightly curved rods with rounded ends, occurring singly, in pairs, and occasionally in short chains. Subcultures on cellobiose broth, however, were quite variable in cell morphology showing numerous involuted forms. After 10 sequential transfers involving dilution, shaking with glass beads, and incubation in roll tubes, as described above, all colonies which developed continued to be cellulolytic, and both cell and colonial morphology on cellulose agar were uniform. Cell morphology on cellobiose agar continued to show numerous involuted forms.
The conclusion that the culture was pure was based on (a) uniform cell and colonial morphology when grown on cellulose, (b) the stable capacity to decompose cellulose after repeated culturing in glucose media, and (c) consistency in the sequence of cell morpho-types appearing in cellobiose media, passing from giant cells in the late lag phase (3 by 10 A) to filterable bodies and then to mature cells at 24 hr which had a size range of 0.75 to 1.5 by 1.5 to 3.75 ,u. Cells from 24-hr cultures grown on cellulose had a size range of 0.3 to 0.5 by 0.8 to 1.5,. Classification. The culture was identified as a member of the genus Cellvibrio as described in Bergey's Manual of Determinative Bacteriology (Breed et al., 1957) . The organism developed a pale yellow pigment on cellulose agar. Species in the genus Cellvibrio as now described are distinguished primarily on the basis of pigmentation, and the pigmentation of the present culture differs from that of the species so far described. In order that this culture may be adequately classified when re-evaluation of the taxonomy of the genus is undertaken, the following description is recorded.
The cells were generally seen as gram-negative straight to slightly curved rods with rounded ends occurring singly, in pairs, and, occasionally, in short chains. Subterminal chromatic granules were present, and there were some involuted forms in most cultures. Cells from 24-hr cultures on cellobiose broth measured 0.75 to 1.5 by 1 Extracellular fermentation products from cellulose. The limited growth which occurred in agar media containing only glucose as an energy source contrasted with the rapid growth on cellulose or cellobiose suggested that the cellulase system of this organism might produce cellobiose as a sole hydrolytic product. Cellulases having this mode of action have not been encountered frequently (Reese, 1956 (MIcBee, 1954) , the cellulases of this organism seem to be at least partially constitutive. Culture filtrates from cellobiose broth cultures were assayed as described by King (1956) and found to be quite active in dissimilating carboxymethylcellulose of chains with an average chain length equivalent to 200 glucose molecules. This assay is not reliable as an estimate of the capacity of the filtrates to attack native cellulose but rather indicates constitutive elaboration of that fraction of the cellulase complex termed "Cx" by Reese (1956) .
Carbon distribution in fermentation. The cellobiose fermentation was carried out in the apparatus described by Pelczar et al. (1955) using a 2 per cent inoculum of a 24-hr old cellobiose agar culture washed from the slant with sterile saline. The medium consisted of 500 ml of the basal medium described earlier supplemented with 1 per cent cellobiose, 0.01 per cent yeast extract (Difco (1945, 1952) . To determine the amount of cellobiose utilized it was necessary first to remove any glucose that might be formed from cellobiose bv treatment with baker's yeast (Pan et al., 1953) . The remaining 20 ml of the culture was titrated with standard 0.01 N NaOH solution to pH 8.5. The disappearance of glucose and cellobiose and the formation of acid are recorded in table 3. The ability of the organism to utilize cellobiose more rapidly than glucose is evident. At pH 6.5, which is optimal for glucose utilization, the amount of cellobiose used was over twice as great At both pH 6.5 and 7.0, more acid was formed from glucose than from cellobiose. In terms of the weight of sugar utilized, the acid production from glucose was 75 per cent greater than from cellobiose; in terms of mmoles of hexose or hexose equivalent utilized, it was 85 per cent greater. This difference suggested the possibility of alternate pathways for metabolism of the sugars.
DISCUSSION
The organism described in this paper clearly belongs to the genus Cellvibrio, but cannot be identified with any of the existing species. C. vulgaris grows prolifically on glucose media. C. fulvus produces a yellow or red pigment. C. flavescens grows well on nutrient peptone agar. C. ochraceus develops a distinctive ochre pigment. Hence the new organism will be named Cellvibrio gilvus n. sp., a specific designation which indicates the color of the culture, in keeping with several other specific names within the genus. The species name gilvus is the Latin equivalent for pale yellow.
Cellvibrio gilvus is of physiological interest in two respects. First, it elaborates a constitutive cellulase system, which seems to degrade cellulose by removal of terminal units, yielding only cellobiose as a reaction product. Other cellulolytic microorganisms have been found to elaborate cellulases which seem to produce a random cleavage of the molecule (Reese, 1956) . Second, the organism grows better with cellobiose than with glucose. The different pH optima, different molar yields of acid from fermentation, and different rates of utilization of the two sugars suggests that glucose and cellobiose are not metabolically equivalent. Investigations of the physiological basis for the disaccharide preference are described in an accompanying paper (Hulcher and King, 1958) . ACKNOWLEDGMENT Dr. W. E. C. Moore was of real assistance in establishing the taxonomic status of the culture.
SUMMARY
An aerobic cellulolytic bacterium, Cellvibrio gilvus n. sp., has been isolated, described, and classified. Cellobiose but not glucose is the hydrolytic end product of cellulolysis by an apparently constitutive cellulase system. The requirement for yeast extract is replaceable by a mixture of B-vitamins and amino acids. Filterable forms seem to occur. The preference of the culture for cellobiose over glucose as an energy source for growth seems to be related to differences in the relative rates of assimilation, different pH optima, and different mechanism of fermenting the two sugars.
